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I .- OBJECTIVE 

Union Carbide Corporation, Chemicals and Plastics 
Operations Division, has agreed to assist the Jet Propulsion 
Laboratory , California Institute of Technol-ogy , on a level. 
of effort basis, in the development of a new or improved 
polymeric binder for advanced solid propellant and hybrid 
propellant grains. .The general objectives are described in 
Quarterly Report No. 1. 

11. ABSTRACT 

The continuous stirred autoclave reactor system 
has been modified by the addition of automated pressure 
controls. The reactor itself has been replaced by another 
unit with a higher pressure rating, The new system can 
operate effectively at 35,000 p s i .  

A melt process employing no solvent and using 
potassium hydroxide dispersed at 300°C in the polymer melt 
has been found to give rapid and qcnntitative elimination 
of HBr from ethylene/neohexene telomers with a minimum of 
rearrangement to vinylidene type C=C. Processes using sol- 
vents were either not as fast, gave a large amount of re- 
arranged product or both. 

A new series of telomers has been prepared, this 
group having ethylene and propylene as comonomers and 
having BrCCl3,.a-bromo isobutyric acid and its t-butyl ester 
as the telogens. 
low penetration temperature make these telomers very at- 
tractive as solid propellant binder precursors. 

A combination of low viscosity and very 
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. 111. . SCOPE O F  PROJECT 

The scope of t h i s  work has been en larged  t o  i n -  
c l u d e  an examinat ion of o the r  copolymers of e t h y l e n e  which 
o f f e r  t h e  promise of a s a t u r a t e d  hydrocarbon b inde r  w i t h  
g r e a t l y  improved low temperature and v i s c o s i t y  p r o p e r t i e s .  

IV. INTRODUCTION 

I n  ou r  l a s t  Q u a r t e r l y  Report  we d i scussed  t h e  
s t a r t u p  of o p e r a t i o n s  i n  the  cont inuous  s t i r r e d  a u t o c l a v e  
reactor. Reac t ion  cond i t ions  and p roduc t  g o a l s  e s t a b l i s h e d  
du r ing  t h e  e x p l o r a t o r y  phase of o u r  e f f o r t  w e r e  used as 
p o i n t s  of reference f o r  ethylene/neohexene te lomers  syn- 
t h e s i s  i n  t h e  cont inuous reactor. E f f e c t i v e  c o n t r o l  of  
telomer molecular  weight  was a t t a i n e d  by s u i t a b l e  cho ice  of 
reactor r e s i d e n c e  t i m e s  and t e l o g e n  c o n c e n t r a t i o n .  Uniform 
p roduc t s  of h igh  f u n c t i o n a l i t y  were ob ta ined  from t h e s e  r u n s .  

W e  a l s o  repor ted  t h e  f u r t h e r  improvement of t h e  
dehydrobromination/ozonolysis r o u t e  f o r  e f f i c i e n t  convers ion  
of B r  t o  COOH endgroups i n  t h e  telomers of ethylene/neohexene. 

I 
I 
E 

I n  t h i s  r e p o r t  w e  w i l l  p r e s e n t  a d e t a i l e d  des-  
c r i p t i o n  of our  continuous t e l o m e r i z a t i o n  u n i t .  W e  w i l l  
a lso r e p o r t  a s o l v e n t  f r e e  method f o r  e f f i c i e n t l y  dehydro- 
brominat ing  t h e  terminal  bromide i n  ethylene/neohexene 
telomers. T h i s  bulk polymer m e l t  o p e r a t i o n  avoids  t h e  
p o s s i b i l i t y  of ' r e - e s t e r i f y i n g  t e r m i n a l  COO14 groups upon 
workup, and i s  a l s o  more p r a c t i c a l  on a l a r g e r  s c a l e  t h a n  
t h e  previ 'ously used methods. 

Explora tory  batch t e l o m e r i z a t i o n s  of e t h y l e n e  w i t h .  
,p ropylene  i n  o u r  s m a l l  r e a c t o r  have g iven  telomer samples 
having  v e r y  promising l o w  t empera ture  p r o p e r t i e s .  I n  t h i s  
report  w e  w i l l  g i v e  t h e  r e s u l t s  of  t h e s e  t e lo rne r i za t ions  and 
w i l l  also  d e s c r i b e  t h e  p r e p a r a t i o n  of l a r g e r  q u a n t i t i e s  of 
t h e s e  new telomers i n  t h e  cont inuous  reactor. 
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V. TECHNICAL D I S C U S S I O N  

A. Modi f i ca t ion  of The Continuous 
S t i r red-Autoc lave  Reactor 

i n  s e c t i o n  C of t h e  t e c h n i c a l  c i i s cuss iu r l  OZ oUz 
l a s t  Q u a r t e r l y  Report  w e  desc r ibed  t h e  u s e  of  a cont inuous 
s t i r r e d  a u t o c l a v e  r e a c t o r  f o r  t h e  p r e p a r a t i o n  of e t h y l e n e  
neohexene copolymers by t e l o m e r i z a t i o n .  The reactor i t se l f  
w a s  o f  1 .5  l i t e r  c a p a c i t y  and could o p e r a t e  a t  p r e s s u r e s  up 
t o  2 0 , 0 0 0  p s i .  W e  used t h i s  reactor t o  p r e p a r e  telomers a t  
rates between 30 and 150 grams p e r  hour ,  depending upon t h e  
c o n d i t i o n s  employed. Cont ro l  of t h e  p r e s s u r e  was ob ta ined  
by manual ad jus tment  of a t h r o t t l e  va lve  which c o n t r o l l e d  
rate of removal of p roduc t  from t h e  reactor. 

W e  have r e c e n t l y  r ep laced  t h e  o r i g i n a l  2 0 , 0 0 0  p s i  
reactor w i t h  a n o t h e r  s i m i l a r  r e a c t o r  r a t e d  a t  4 0 , 0 0 0  p s i ,  
and have added a u t o m a t i c  p r e s s u r e  c o n t r o l  f e a t u r e s  which 
pe rmi t  a more uniform o p e r a t i o n .  

F igu re  1 shows a schematic  drawing of t h e  modif ied 
cont inuous  r e a c t o r  u n i t .  The legend on  t h e  fo l lowing  page 
i d e n t i f i e s  t h e  numbered components. 

E s s e n t i a l l y ,  t h e  same procedure i s  fol lowed wi th  
t h e  new system as w a s  used i n  o u r  prev ious  u n i t .  The only  
d i f f e r e n c e s  a r e  t h e  automatic  c o n t r o l  of  p r e s s u r e  and t h e  
h i g h e r  p r e s s u r e  l i m i t .  The upper p r e s s u r e  l i m i t  i s  s e t  by 
t h e  pneumatic p r e s s u r e  t r a n s m i t t e r  ( 8  i n  F igu re  1) which 
h a s  a maximum p r e s s u r e  r a t i n g  of 3 5 , 0 0 0  p s i .  

W e  w i l l  be conducting most of o u r  t e l o m e r i z a t i o n s  
n e a r  t h i s  upper l i m i t  i n  order t o  maximize t h e  r a t e  of pro- 
p a g a t i o n .  T h i s  w i l l  improve t h e  p r o d u c t i v i t y ,  and w i l l  al low 
.a h i g h e r  c o n c e n t r a t i o n  of te logen  t o  be used. 

I n  subsequent  d i s c u s s i o n ,  ou r  o r i g i n a l  system w i t h  
t h e  20,000 p s i  r a t e d  r e a c t o r  w i l l  be des igna ted  "Unit  I" 
and t h e  p r e s e n t  system w i t h  an  upper l i m i t  o f  35,000 p s i  
will be c a l l e d  "Unit  11". 
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B.  Ethylcne/Neohexene TelomerReaction 
S t u d i e s :  Dehydrobromination 

During t h e  p a s t  q u a r t e r  w e  have cont inued  ou r  s tudy  
of t h e  convers ion  of tel-omer halogen f u n c t i o n a l i t y  t o  COOM 
f u n c t i o n a l i t y .  A major p a r t  of t h i s  s tudy  d e a l s  w i t h  t h e  
telomer dehydrobromination r e a c t i o n  i t s e l f .  

' 

A l l  of t h e  followj-ng r e s u l t s  w e r e  ob ta ined  f o r  
ethylene/neohexene telomers where t h e  t e logens  used w e r e  
a-bromoisobutyr ic  a c i d  (CTAC) and i t s  t - b u t y l  ester ( C T A D ) .  
The s t r u c t u r e  of t h e s e  telomers i s  g ivzn  by t h e  formula 
below: 

where R i s  H o r  - t -bu ty l  

R' i s  predominantly - t - b u t y l  

R" i s  H ,  - t -bu ty1 ,or  methyl 

Our p r e v i o u s l y  r e p o r t e d  procedure c o n s i s t e d  of re- 
f l u x i n g  t h e  te lomer i n  a concen t r a t ed  s o l u t i o n  of XOH i s  n- 
b u t a n o l  ( 1 0 0  g .  pe r  500 m l .  of s o l v e n t ) .  The bu tano l  w a s -  
t h e n  removed by steam d i s t i l l a t i o n  and t h e  product  recovered 
by a c i d i f i c a t i o n  w i t h  a c e t i c  a c i d  and e x t r a c t i o n  i n t o  hexane 
or hep tane ,  fol lowed by evapora t ion  t o  g i v e  t h e  dehydro- 
brominated copolymer. T h i s  procedure s a t i s f a c t o r i l y  e l i m i n -  
a t e d  a l l  of t h e  t e r m i n a l  halogen and gave a product  w i th  
t e r m i n a l  double  bonds. The t e r m i n a l  ester groups from t h e  
t e l o g e n  o r  i n i t i a t o r  were also s a p o n i f i e d  and converted t o  
COOH . 



1 
I 
I 
s 
I 

I .  

This proced re, hot 

7 .  

ever, had a few drawbacks: 

An inert atmosphere was necessary to avoid dark 
colored products, presumably arising from 
but mol oxidation. 

Removal of all traces of butanol solvent was 

This was to avoid re-esterification of the 
terminal COOH groups introduced by the 
telogen or initiator. 

ALyusrGu r h * . , : C h r l l  --.. p L i . u L  ^U L LO acidif ieai iui i  ai-16 W U L ~ U ~ .  

Small amounts of vinylidene type double bonds 
resulted from the dehydrobromination. 

Since problems 1) and 2) resulted directly from 
the butanol used as the solvent and problem 3 )  might have 
been indirectly related to the solvent used, we conducted 
a series of experiments in which no butanol was used in 

, most of the trials. The conditions used are summarized 
below: 

a) Base used: potassium acetate 
Solvent used: molten potassium acetate 
Temperature: 3OO0C 

In this procedure the telomer is added to a flask 
containing molten potassium acetate at 30OoC. For 3 g. of 
telomer, 50 g. of KOAc was used. The resulting solution was 
stirred under an inert atmosphere for 10 minutes and then 
allowed to cool. The solid reaction mixture w a s  then taken 
up in water, made acidic with acetic acid and the telomer 
recovered by extraction with heptane. 

b) Base used: potassium hydroxide 
Solvent used: n-butanol - 
Temperature: 117OC, ref lux 

This is the old procedure, previously discussed, 
with steam distillation used to completely remove the 
butanol upon workup. 
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c) B a s e  used: sodium hydroxide 
So lven t  used: none 
Temperature: 25OoC 

I n  t h i s  procedure t h e  te lomer i s  hea ted  t o  between 
150 and 2OO0C under a s t ream of n i t r o g e n ,  and a n  aqueous 
s o l u t i o n  of a 2 t o  3-fold amount (based upon t o t a l  Br-and 
-COOR e q u i v a l e n t s  i n  t h e  telomer sample) of sodium hydroxide 
i s  added dropwise w i t h  s t i r r i n g .  A f t e r  t h e  a d d i t i o n  i s  
complete and a l l  water  has been d r i v e n  o f f ,  t h e  tempera ture  
i s  r a i s e d  t o  25OoC and kept  t h e r e  f o r  1 0  min. Workup a s  

Base used: potassium hydroxide 
Solvent  used: none 
Temperature: 3OO0C 

The same sequence of o p e r a t i o n s  as i n  ( c ) .  

Base used: potassium - t -bu toxide  
So lven t  used: to luene  
Temperature: l l O ° C ,  ref lux  

I n  t h i s  procedure t h e  telomer i s  r e f l u x e d  f o r  6 5  
h r s .  under an i n e r t  atmosphere i n  a to luene  s o l u t i o n  con- 
t a i n i n g  a 2-fold amount (based upon t o t a l  e q u i v a l e n t s  
B r  0 and-COOH p r e s e n t  i n  t h e  telomer) of  potassium t -butoxide ,  
and t h e  r e s u l t i n g  aqueous suspension of t h e  copolymer i s  
a c i d i f i e d  w i t h  acet ic  a c i d  and t h e  product  i s  recovered  by 
heptane  e x t r a c t i o n .  

The products  were recovered from a l l  of these pro- 
cedures  i n  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  as s l i g h t l y  cloudy 
l i g h t  amber o i l s ,  g i v i n g  a nega t ive  B e i l s t e i n  t e s t .  Double 
bond formation w a s  shown by t h e  appearance of  o l e f i n i c  
p ro ton  s i g n a l s  i n  t h e  NMR Spec ta  as w e l l  as t h e  charac-  
t e r i s t i c  hydrogen-carbon bond deformation bands i n  t h e  f i n g e r -  
p r i n t  r eg ion  of t h e  i n f r a r e d  spectra. S t rong  a b s o r p t i o n  
n e a r  970 cm-1 showed t h e  presence  of CH=CH ( t r a n s ) ,  and a 
much weaker abso rp t ion  near 890 c m - 1  showed t h e  p re sence  
of  \ ( v i n y l i d e n e ) .  The l a t t e r  a b s o r p t i o n  w a s  much 

more appa ren t  i n  t h e  s p e c t r a  of products  prepared  w i t h  
method "arr or "b" . 

/ C=CH2 
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re 1 
and t h e  r e s i d u a l  halogen c o n t e n t  ( n e g a t i v e  B e i l s t e i n  t es t )  
of t h e  f i n a l  p roduc t ,  a l l  f o u r  procedures  gave e q u i v a l e n t  
r e s u l t s .  However, t h s  d i s t r i b u t i o n  of double  bond t y p e s  
produced w a s  d i f f e r e n t  i n  each of t h e  procedures  e v a l u a t e d .  
W e  observed an i n t e r e s t i n g  c o r r e l a t i o n  between t h e  type  of  
C=C f u n c t i o n a l i t y  in t roduced  and t h e  p o l a r i t y  of t h e  re- 

t h e  p roduc t s  f r o m  t h e  va r ious  dehydrobromination procedures  
w e r e  analyzed f o r  double  bond c o n t e n t  by i n f r a r e d  s p e c t r o -  

=,nt<nn mnr7;rrm W ~ h l a  T chnr.lc C h n  v n c . \ ~ l + , -  v . ~ -  ~ l - . J - . ~ : - ~ l r 7  --I.-- 
U"C*V.I ...- --.,..... *-...*- * Y I I V " " "  L A * L  .LL"U-LC-U W V L  V U C C ~ L ~ 1 C ; U  W I I C I I  

scopy. * 
The v i n y l  con ten t  i n  a l l  t h e  examples shown can 

only arise from t h e  loss of H B r  by @-e l imina t ion  from an  
e t h y l e n e  end r e s i d u e :  

whereas,  the v i n y l i d e n e  and t h e  t r a n s - i n t e r n a l  double  bonds 
can only ar ise  from e l i m i n a t i o n  of  H B r  f r o m  a neohexene 
r e s i d u e .  The t r a n s - i n t e r n a l  r e s u l t  f r o m  t h e  6-e l imina t ion  
r e a c t i o n  which w e  have d i scussed  i n  p rev ious  r e p o r t s :  

-CH-Polymer - H B r  
____) 

* See t h e  Appendix f o r  t h e  method which w a s  used i n  t h i s  
a n a l y s i s .  
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The v i n y l i d e n e  double bonds probably r e s u l t  from 
a unimolecular  d i s s o c i a t i o n ,  followed by a carbonium i o n  
rearrangement  : 

CH 
3-+L 
/ 

cH3 
J 

The carbonium ion  format ion  i s  favored  i n  h i g h l y  
p o l a r  r e a c t i o n  media which can suppor t  charge s e p a r a t i o n .  
Once formed, t h e  neopentyl  carbonium i o n  undergoes a f ac i l e  
1, 2 methyl  m i g r a t i o n  l ead ing  t o  t h e  more s t a b l e  t e r t i a r y  
carbonium i o n ,  which i n  t u r n  loses a p ro ton  t o  g i v e  t h e  
v i n y l i d e n e  f u n c t i o n a l  group. 

Our experiments  are i n  accord  w i t h  t h i s  gene ra l -  
i z a t i o n  i n  t h a t  t h e  g r e a t e s t  amount of v i n y l i d e n e  i s  formed 
i n  t h e  h i g h l y  p o l a r  molten potassium acetate medium of 
method "a".  I n  methods "c" ,  I'd", and "e" t h e  r e a c t i o n  media 
are non-polar and much l e s s  v i n y l i d e n e  i s  formed. Method 
"b" i s  i n t e r m e d i a t e  i n  t h i s  respect. 

S ince  v iny l idene  endgroups l e a d  t o  methyl ke tone  
f u n c t i o n a l  groups upon ozono lys i s ,  a subsequent  o x i d a t i o n  

. s t e p  (us ing ,  fo r  example, sodium hypobromite) i s  r e q u i r e d  
fo l lowing  p rocedures  "a" and "b" t o  o b t a i n  t h e  h i g h e s t  
p o s s i b l e  COOII f u n c t i o n a l i t y .  Because of t h i s  w e  f a v o r  t h e  
l a t t e r  t w o  methods. Method "d" i s  e s p e c i a l l y  a t t r a c t i v e ,  
s i n c e  no s o l v e n t  i s  r e q u i r e d ,  and s i n c e  a complete r e a c t i o n  
is o b t a i n e d  i n  v e r y  s h o r t  r e a c t i o n  t i m e s .  
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C.  Ethvlene/ProDvlene T e l o m e r s  as 
I S a t u r a t e d  Amorphous Binder P r e c u r s o r s  

1) P r e p a r a t i o n  

1 2 .  

Prev ious  t o  t h e  l a s t  q u a r t e r ,  t h e  scope of o u r  
program was res t r ic ted  t o  t h e  s y n t h e s i s  and evaluat. ion of 
copolymers of e t h y l e n e  w i t h  neohexene as s a t u r a t e d  hydro- 
carbon b inde r  p r e c u r s o r s .  An o l e f i n i c  comonomer i s  nec- 
e s s a r y  t o  p reven t  c r y s t a l l i z a t i o n  of t h e  e t h y l e n e  u n i t s  i n  
t h e  polymer backbone, which l e a d s  t o  s o l i d  waxes, u s e l e s s  
as p r o p e l l a n t  b inde r s .  Neohexene w a s  t h e  most a t t r a c t i v e  
cho ice  of t h e  p o s s i b l e  a -o l e f in  comonomers because it con- 
t a i n s  no a l l y l i c  hydrogen atoms. O t h e r  a - o l e f i n s ,  such 
as propylene or butene-1 were n o t  s e r i o u s l y  cons idered  a t  
t h e  beginning  of  t h i s  program. 

A t  t h a t  p o i n t  we depended upon recombination of 
growing polymer r a d i c a l s  with i n i t i a t o r  r a d i c a l s  ( p r e s e n t  
i n  much h i g h e r  t h a n  normal " c a t a l y t i c "  amounts) t o  p rov ide  
f u n c t i o n a l  groups upon the cha in  ends .  The d e l e t e r i o u s  
e f f e c t  of cha in  t r a n s f e r  t o  comonomer upon t h e  f u n c t i o n a l i t y  
of t h e  p roduc t  was t o  be avoided i f  a t  a l l  p o s s i b l e .  

More r e c e n t l y  however, we have been us ing  ex- . 

t remely  r e a c t i v e  cha in  t r a n s f e r  a g e n t s  ( t e l o g e n s )  t o  p l a c e  
t h e  f u n c t i o n a l  groups upon t h e  cha in  ends.  These t e l o g e n s  
have an a c t i v e  halogen atom which i s  much more r e a d i l y  ab- 
s t r a c t e d  than  an  a l l y l i c  hydrogen atom. I n  t h i s  environ-  
ment,  p roduc t ive  cha in  t r a n s f e r ,  i . e . ,  cha in  t r a n s f e r  
l e a d i n g  t o  usab le  f u n c t i o n a l  groups,  may be expected t o  
compete w i t h  cha in  t r a n s f e r  t o  monomer t o  such an e x t e n t  
t h a t  a p roduc t  of u s e f u l  f u n c t i o n a l i t y  can be ob ta ined .  

To t g s t  o u t  t h i s  hypo thes i s  w e  t r i e d  a few s m a l l  
b a t c h  t e l o m e r i z a t i o n s  of e thylene  wi th  propylene i n  which 
bromo-trichloromethane was used as  t h e  t e logen .*  

~ -~ * When BrCC13 i s  the telogen, the growing polymer radical abstracts 
a bromine t o  give a bromide terminated chain and a trichloromethyl 
radical which can i n i t i a t e  another polymer'chain. 
r e s u l t s  has the structure: 

The telomer which 

R 
I 

Br- CH-C%- ( CHR-CH2) ,-CC l3 

To  the extent that chain transfer t o  propylene can also occur, the 
following telomer end groups are a l s o  possible: 

R R 
I I 

H-CH-CH2- and -CH-CM~-CH~-C€!=CHZ 

The f irst  of these i s  of novalue 2s a functionzl group, however the 
v inyl  end group i s  a potential precursor to a CWH group. 
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Telomerization runs 24-EMS-134 and 136 were made 
using ethylene/propylene comonomers with BrCC13 telogen 
and dimethyl a,a'-azobisisobutyrate (DMAB) as initiator. 
The production and analytical data are summarized in 
Tables I1 and 111. Functionality was determined from 
the halogen analyses and the molecular weight. 

Our choice of telogen concentration was too high 
in these initial runs and telomers of very low molecular 
weight resulted. The total halogen functionalities were 
high however, 2.31 and 1.84 groups per molecule, and the 
penetration temperatures were far lower than any previously 
encountered in this program, -100 and -95OC. 

I 

These results encouraged us to try a series of 
continuous, telomerizations at lower effective concentration 
of telogen. We also substituted the more useful telogen 
a-bromoisobutyric acid or its t-butyl ester in place of 
the Br-CC13. 
in Tables IV and V. 

The production aEd analytical data are given 

The first three runs, 25-EMS-103, 104 and 105, 
were made in the Unit I reactor using a-bromoisobutyric 
acid telogen. These runs were made at 20,000 psi pressure, 
the upper limit of this reactor. Holdup time was varied 
by using different feed rates at the same pressure. In 
these runs we found that slightly higher production rates 
are obtained at the expense of lower overall conversion 
if high feed rates are used. This is illustrated by run 
25-EMS-103 in which a production rate of 201 grams of 
telomer per hour was obtained at 2.26% conversion of 
monomers. At this rate, over 3 kilos of telomer can be 
produced in a single run of three 8 hr. shifts (allowing 
ample time for start-up and shut-down operations). 

The next two runs, 25-EMS-106 and 27-EMS-19, were 
also made in the Unit I reactor at 20,000 psi, but using 
the t-butyl ester telogen. The conditions used were very 
simiiar to those chosen for run #25-EMS-104, and the 
productivity obtained was nearly identical. In this respect 
the two telogens are interchangeable.. The a-bromo ester 
telogen is less active as a chain transfer agent, however, 
and as a result the products from run 25-EMS-106 and 27- 
EMS-19 have higher molecular :?eights than 25-EMS-104, even 
though the molar ratio of telogen to monomers was the 
same, .0015. 
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TABLE I1 

ETHYLENE/PROPYLENE TELOMERS 

Batch 
Run # 

I n i t i a l  C h a r s e  

BrCC13,  g m s .  
Solvent ,  g m s  . . 
AlBN, g m s .  
E t h y l e n e ,  gms . 
Propylene,  gms. 

Fed During Reac t ion  

BrCC13, g m s .  
So lvent ,  gms. 
AlBN, g m s .  

R e a c t i o n  C o n d i t i o n s  

Temp. ,  OC 
P r e s s u r e ,  mpsi 

I n i t i a l  
Maximum 

T i m e ,  h r s .  

P r o d u c t i v i t y  

Yie ld ,  g m s .  

C o n v e r s i o n ,  % 

R a t e ,  %/M. 

24-EMS-134 

2 . 7 2  

1 1 . 4  

0 . 1  

3 3 0  

4 2 0  

4 1 . 1  

1 7 2  2 
1 . 9 1  

9 0  

4 . 2 0  

9 . 2 5  

4 . 2 5  

35 
4 . 8 5  

1 . 1 4  

14. 

~ ~~ 

2 4 -EMS- 13 6 

3 . 4 2  

1 4 . 0  

0 . 1 3  

384 

5 2 8  

3 0 . 8  

1 2 9 . 5  
1 . 1 4  

9 0  

1 0 . 4 0  

1 5 . 0 0  

6 . 4 2  

4 9  

5 . 4 8  
.85 



TABLE I11 

ETNYLENE/PROPYLENE TELOMERS 

15. 

~~ 

Run # 

Physical Properties 

Brookfield Viscosity, cps 
Specific Viscosity, 8OoC 
Vitrification Temperature 
Penetration Temperature 

Analytical Data 

Molecular Weight" 
Bromine, Wt. %t 
Chlorine, Wt. %t 

Functionality 

Bromine (Br) 
Chlorine (CC13) 

24 -EMS- 13 4 

.009 
below-800C 
-1oooc 

343 
27.07 
35.76 

1.16 
1.15 

24-EMS-136 

163 
.Oll 

below-800C 
-95% 

421 
17.94 
22.58 

0.95 
0.89 

* By vapor' phase osmometry in benzene. 

t. By Paar bomb combustion followed by potentiometric 
titration with silver nitrate. 

. 



l -  

h a d  
O N 0  

b -  
0 5  
CaJ \ a J  
9) 
M W  E 
O O M  

cFr( c; 

aJ 
C 
al a 
0 
&I a 
h 
1 
U 
(0 
0 
E 

v) 
aJ 
4 
U 

\ ” h  a a 0  
9 ) L c  c a  

nn 
U T I  

w w  

9) u 
al 
k 

5 h  4 u  
0 3  

0 urn 
-4 rl 
k O  
h E  u o  
3 k  
P P  
0 1  
rn 

1-( 
o r (  
E h  o u  
k 3  

a n  

f f  
6 &I 



Ocrl 
o m  
m 0 0. I 

i? I '  

04 
Ncrl 

v) 
\o o* I 

n 
P 
U W  
OCn 
Q\ - 1  
4 m  
d 

o u ,  - 
m u ,  
a 3 1  I 
\o 

n 

h l m  
d \ o  
C n I  I 
hl 

m h  
'9'9 

m 
a 3 1  I 
hl 

0 2  o m  
h W  . .  

V 
cn 
0 0  
a v  b; 

(d u 
(d a 
d 

d u 
rl 4 
e 

n 
$4 m 
v 

Q) 
C 

2 
b 
F9 

n 

E 
V 
W 

5 0 

P 
$4 
(d 
V 

E! w 
E: 
4 . 
0 . 
p: 
3 
h m 

n 
(d 
W 

PI 
c a 
N c 
PI m 
c 
.d 

0 

p: 

m 

3 
h 

n 
P 
W 



18. 
1 
8 

I 1 
8 

The last ethylene/propylene telomerization run, 
27-ENS-34, was made in the recently set up Unit I1 reactor, 
operating at 35,000 psi. 
to monomers was used in this run to compensate for the 
higher propagation rate at the higher pressure so as to 
obtain the same target molecular weight, near 1000 g/mole. 
yhe higher pressure a lso  had a benciicidi eL'Fec;i up0i-i thz: 
productivity. 4.56% conversion was obtained at a rate of 
122 g .  telomer per hour, the highest of the whole series. 

A lower molar ratio of telogen 

2) Physical Properties 

The telomers produced with a-bromoisobutyric acid 
telogen were amber colored, pourable oils (the color is a 
peculiarity of this particular telogen, and may be due to 
HBr loss. from the telogen itself - addition of a trace of 
alkali causes the color to disappear). When the t-butyl 
ester of a-bromoisobutyric acid was used instead Fhe telomers 
obtained had a light straw color. . 

Two important conclusions can be drawn from the 
physical property data given in Table V: 

a) The Brookfield viscosity of the carboxyl 
terminated ethylene/propylene telomers 
is significantly lower than that of other 
saturated carboxyl terminated binders at 
comparable molecular weights. 

b) The very low penetration temperatures 
suggest that cured binders prepared from 
ethylene/propylene carboxyl terminated 
liquids will have excellent low temperature 
properties. 

Figure 2 shows the room temperature Brookfield vis- 
cosities of saturated carboxyl terminated liquid binders 
plotted as a function of their molecular weights (a log-log 
plot was used*for convenience and to more nearly linearize 
the data). 
neohexene telomers is that which we reported in our previous 
Quarterly Report for telomers prepared in the Unit I con- 
tinuous stirred autoclave reactor at 20,000 psi using 
a-bromoisobutyric acid telogen (CTAC). 

The data for carboxyl terminated ethylene/ 

. _- 



8. 
~~ 

19. I 
I 

10,000 

5,O 00 

1,000 

500 

100 

50 

IO  

5 

I 
/ 

I 
I 

I 
I 

9' 
I 

/ 

d y- I I 

Q O  
I 
I 

r 

4b-HYDROGE NATE D CTP C 

-€+ETHYLENE/ NEOHEXENE 
TELOMER, CARBOXYL 
T E R MI NAT C 0 

+ ETHYLENE /PROPYLENE 
TELOMER, CARBOXYL . 
TERMINATED 

ETHYL EM E / Pi70 PY L €NE 
TEL03EER, MON-COOH 
TER P3 I N AT E D 

. 

500 1000 5000 ro*ooo 
MOLE CU LA R WE 16 HT - 

FIGURE 2. BROOMFIELD VISCOSITY-MOLECULAR 
WEIGHT RELATIONSHIPS 



20. 

The d a t a  f o r  hydrogenated carboxyl  te rmina ted  
polybutadiene  was taken  from F igure  1, page 2 2 ,  of t h e  
f i n a l  r e p o r t  (February 1 9 6 6 )  by D .  E .  Johnson and 
A .  J.  D e M i l o  on c o n t r a c t  AF04(611.)-10386 f o r  t h e  A i r  
Force Rocket Propuls ion  Laboratory a t  Edwards, C a l i f .  
These s a t u r a t e d  b i n d e r s  contained e t h y l  branches r e s u l t i n g  

s a t u r a t i o n )  of t h e  o r i g i n a l  po lybutadiene .  
fi-om 1, 2-vinL-: conteiit /-..-,...-A 3no_ -c t e k ,  c-c-1 ..*- 

[aiuuiiu ~ v u  VI LLLL LUC-LA-L UIA 

The d a t a  'for e thylene/propylene te lomers  i s  
taken  from Tab1.e~  III and V of  t h e  p r e s e n t  r e p o r t .  Three 
of t h e  samples have c o o ~ e n d g r o u p s  and may be compared 
w i t h  t h e  o t h e r  carboxyl  terminated s a t u r a t e d  b i n d e r s .  

The lower v i s c o s i t y  of t h e  e thylene /propylene  
telomers i s  probably due t o  t h e  decreased  bulk of t h e  
methyl branches i n  t h e  new te lomers  as compared w i t h  t h e  
e t h y l  branches i n  hydrogenated carboxyl  t e rmina ted  poly- 
bu tad ienes ,  or t h e  t - b u t y l  branches i n  ethylene/neohexene 
copolymers. T h i s  lower v i s c o s i t y  'should f a c i l i t a t e  
p r o p e l l a n t  formula t ion  and c a s t i n g  of g r a i n s  a t  lower 
tempera tures  than  are  convent iona l ly  r e q u i r e d .  

F igu re  3 shows t h e  r e s u l t s  ob ta ined  when t h e  
p e n e t r a t i o n  tempera tures  of t h e  e thylene /propylene  telomers 
w e r e  p l o t t e d  as a func t ion  of t h e  r e c i p r o c a l  of t h e  molecular  
weight .  A reasonably  good l i n e a r  f i t  was ob ta ined ,  which 
when e x t r a p o l a t e d  t o  l m , = O ,  gave a p e n e t r a t i o n  tempera ture  
nea r  -5OOC a t  i n f i n i t e  molecular weight .  AtPI,=1000, Tp is  
-67OC. 

3 )  F u n c t i o n a l i t y  

. The high f u n c t i o n a l i t i e s  which w e r e  achieved i n  
t h e  l o w  molecular  weight te lomers  of BrCC13 (see Table 111) 
have n o t  y e t  been obtained i n  t h e  h i g h e r  molecular  weight  
telomers of a-bromoisobutyric a c i d  o r  i t s  t - b u t y l  es ter  
(see Table  V ) .  
t h e  more r e c e n t  runs  was s e l e c t e d  i n  o r d e r  t o  a t t a i n  a h i g h e r  
molecular  weight .  Under t h e s e  c o n d i t i o n s ,  cha in  t r a n s f e r  t o  
propylene becomes more probable as t h e  t e l o g e n 8  c o n c e n t r a t i o n  
i s  reduced. 

The lower t e l o g e n  c o n c e n t r a t i o n  employed i n  

-_ , 
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An excep t ion  €0 t h i s  t r e n d  i s  found i n  run  27- 
‘EMS-34. This  i s  t h e  f i rs t  cont inuous run  i n  t h e  U n i t  11 

t -Buty l  a-bromoisobutyrate was used a s  t h e  t e l o g e n  reactor. 
and  t h e  reactor i n t e r n a l  p r e s s u r e  w a s  35,000 p s i .  
telomer produced i n  t h i s  run had t h e  h i g h e s t  f u n c t i o n a l i t y  
i n  t h e  whole series of continuous runs :  
molecule.  

T h e  

0.74 bromine p e r  

T h i s  h ighe r  f u n c t i o n a l i t y  may be d i r e c t l y  a t t r i -  
bu ted  t o  t h e  h i g h e r  r e a c t o r  p r e s s u r e .  This  leads t o  a 
h i g h e r  propagat ion  ra te  and t h u s  r e q u i r e s  t h a t  t h e  t e l o g e n  
t o  monomer molar r a t i o  be i n c r e a s e d  from .0015 t o  .0031 i n  
order t o  c o n t r o l  t h e  molecular weight .  A t  t h i s  h i g h e r  
t e l o g e n  concenf ra t ion ,  r e l a t i v e l y  less cha in  t r a n s f e r  t o  
propylene monomer could occur ,  hence t h e  h ighe r  f u n c t i o n a l i t y .  

Te lomer iza t ion  a t  very h igh  r e a c t o r  p r e s s u r e s  i s  
undoubtedly t h e  b e s t  means  a v a i l a b l e  t o  us  t o  o b t a i n  h i g h e r  
f u n c t i o n a l i t y  and p r o d u c t i v i t y  i n  t h e  p r e p a r a t i o n  of e t h y l e n e /  
propylene copolymers. 

4 )  Chemical Modif ica t ion  - B r  t o  COOH - 

Since  t h e  new e thylene /propylene  te lomers  have 
o n l y  r e c e n t l y  been prepared and c h a r a c t e r i z e d ,  chemical modi- 
f i c a t i o n  s t u d i e s  d i r e c t e d  toward convers ion  of t h e  bromine 
f u n c t i o n a l i t y  i n t o  carboxyl  f u n c t i o n a l i t y  a r e  j u s t  beginning .  
However, some experiments  have been completed which p o i n t  
o u t  t h e  g r e a t e r  r e a c t i v i t y  toward d isp lacement  r e a c t i o n s  of 
t h e  t e r m i n a l  bromide i n  the  e thylene /propylene  te lomers .  

’ Dehydrobromination of telomer samples 25-EMS-103, 
1 0 4  and 105 us ing  N a O H  i n  t h e  polymer m e l t  a t  250OC l e d  t o  
p r o d u c t s . c o n t a i n i n g  no bromine ( n e g a t i v e  B e i l s t e i n  t e s t )  
a f t e r  s h o r t  r e a c t i o n  pe r iods  (15 min . ) .  However, judging 
from t h e  i n f r a r e d  s p e c t r a  of  t h e  p r o d u c t s ,  less than  t h e  
t h e o r e t i c a l  double  bond con ten t  w a s  produced. 

Ozonolysis  of t h e  dehydrobrominated te lomers  i n  
ace t ic  ac id /carbon t e t r a c h l o r i d e  s o l u t i o n  a t  OOC, fol lowed 
by o x i d a t i v e  workup using pe race t i c /pe r fo rmic  a c i d  mix tu res  
gave p roduc t s  c o n t a i n i n g  no r e s i d u a l  u n s a t u r a t i o n  and 
having enhanced COOH c o n t e n t s .  
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To illustrate these findings with a specific 
I example, telomer sample 25-EMS-104 originally had-0.63 ~r 

per molecule and .67 COOH per molecule. 
indicates 0.83 0 2  per molecule, the difference being the ' 

ester groups derived from the initiator. 
ality is thus 1.46. After dehydrobromination, ozonolysis, 
and oxidation a product was obtained having a molecular 
weight of 740 and a neutralization equivalent of 5 8 8  and 
hence containing 1.26 COOH per molecule. 
a net gain of . 4 3  COOH group per molecule, about 2/3 the 
expected amount. 

Oxygen analysis 

The total function- 

This represents 

The infrared spectrum of the product exhibited 
However, 

This 

both carboxylic acid and ester carbonyl bands. 
after saponification, no significant increase in COOH 
content was observed as determined by titration. 
suggests that the ester groups seen in the infrared spectrum 
were acetate or formate groups derived from terminal 
hydroxyl groups. These, in turn, were most probably the 
result of a direct displacement of bromide by hydroxyl 
during the dehydrobromination step. This reaction was not 
significant in the dehydrobromination of ethylene/neohexene 
telomers due to the highly hindered nature of the secondary 
neopentyl bromide end groups. 

1 
t 

. 
When molten potassium acetate was used, both as 

the solvent and the base, for the dehydrobromination reaction 
(method a in part B of this report) more evidence was pro- 
vided which pointed out the greater reactivity of the 
terminal halogen toward displacement. Strong acetate ab- 
sorptions and weak c=c absorptions were present in the 
infrared spectrum of the (Beilstein negative) product re- 
sulting from molten potassium acetate treatment of 25-EMS- 
104. ' These show that nucleophilic displacement of bromide 
can readily occur in this system. 

We have planned for the coming quarter, several 
experiments on the ethylene/propylene telomers which failed 
when they were applied to ethylene/neohexene telomers due 
to the very hindered nature of the terminal halogen: 

1) 

2) 

3) 

@ SCH2COOR displacement' of Br 0 

S @ coupling, displacing 2 Br 0 

CN 0 displacement of Br 0, followed 
by hydrolysis to COOH. 

The greater reactivity of the halogen end groups 
in the new telomers may make the above reactions useful fo r  
changing B r a  to COOH in the ethylene/propylene telomers. 
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I 
I 
I VI. PLANS FOR FUTURE WORK 

In the quarter to come we plan to carry out ad- . 
ditional telomcrizations of ethylene with propylene at the 
highest pressure attainable in the present equipment so as to 

work on the displacement of the terminal bromide functionality 
us ng very good nucleophiles such as mercaptides (e.g. 
K Q 0 S-CH2COOCH3) will be carried out on the available 
ethylene/propylene telomers. 

I ~ b t a i ~  h i g h ~ r  f ~ ~ ~ t i s ~ ~ l i t y  products .  :."leaiiwhile, Z ~ b o r a i u i y  

Concurrent with this we plan to try several pro- 
cedures designed to enrich the functionality of carboxyl 
terminated prepolymers already on hand. Counter current sol- 
vent extraction methods will be evaluated, and if successful, 
will be used to prepare difunctional binders from lower 
functionality ethylene/propylene copolymers for curing studies. 

V I I .  NEW TECHNOLOGY 

A.  Penetration Temperature Method 

In our Quarterly Report #7 we reported a new method 
for measurement of the glass transition temperature of liquid 
binders. This method was dependent upon the fact that a 
weighted penetrometer needle will not penetrate a binder in 
the hard glassy state below its glass transition temperature, 
but will after the binder has been warmed above Tg. 
new mea-sure of Tg has been designated "Tp" for penetration 
temper.ature. 

This 

Figure 4 shows the essential working components 
of the apparatus which we use for measuring Tp. 
ment is the penetrometer needle, A .  We used a penetrometer 
needle of the type specified by A . S . T . M .  method D-5, weight 
2.5 grams.. 
shaft, B, of a rack and pinion type precision penetrometer . 

conforming to A . S . T . M .  method D-5. The shaft has a weight 
of 4 7  1/2 grams. 
loaded on the top of the shaft C. 
worked well. 
connected to a freely moving vertical rack, D, which engages 
pinion, E, which drives a pointer, F, providing visual read- 
out of.the position of needle A .  Scale divisions correspond 
to 1/10 mm. movement of A ,  therefore estimates of position 
can readily be made to the nearest 1/50 mm. 

The key ele- 

The needle is attached to a freely moving vertical 

Weights, C, of 50,100 or 150 grams may be 
For our purposes 150 grams 

A fixed collar OQ shaft B bears upon an arm 
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To provide  for g r e a t e r  ease i n  determining t h e  

which contacts t h e  l ove r  s i d e  of t h e  f l a n g e  suppor t ing  
weights  C .  This  t angen t  a r m  d r i v e s  t h e  s h a f t  of a lOOOR 
one t u r n  s t e p l e s s  poten t iometer  which, i n  conjunct ion  w i t h  
r h e o s t a t  L ,  s e r v e s  as a v o l t a g e  d i v i d e r  for  a 1 . 5  v o l t  d r y  

v o l t a g e  between 2 and 6 m i l l i v o l t s  over  t h e  normal range 
of need le  movement corresponding t o  about  5 mm. This  
v o l t a g e  i s  connected t o  one of t h e  6 channels  of a Leeds 
& Northrop Speedomax reco rde r  g i v i n g  a 1 0  inch  s t r i p  c h a r t  
r e c o r d  of 0 t o  8 m i l l i v o l t s .  This  system g i v e s  a n e a r l y  
l i n e a r  r eadou t  of  t h e  penetrometer  needle  p o s i t i o n .  

W e  s imultaneously r eco rd  t h e  o u t p u t  of an i r o n -  
cons t an tan  thermocouple which i s  immersed i n  t h e  methanol 
c o o l i n g  b a t h ,  K ,  i n  c o n t a c t  w i th  t h e  p r e - c h i l l e d  b i n d e r  
sample i n  an aluminum f o i l  sample cup, J .  

and a s t r a i g h t  l i n e  i s  recorded on one channel  of t h e  
recorder corresponding t o  t h i s  p o s i t i o n .  Another channel  
i s  meanwhile r eco rd ing  t h e  r i s i n g  sample tempera ture .  
When Tp is reached, t h e  needle  suddenly beg ins  t o  p e n e t r a t e  
t h e  sample. Th i s  i s  recorded as an a b r u p t  end p o i n t  on 
t h e  s t r i p  c h a r t  and may be compared w i t h  t h e  corresponding 
tempera ture  l a t e r  on ,  When t h e  needle  reaches  t h e  bottom 
of t h e  sample and s t r i k e s  t h e  cup J ,  ano the r  s t r a i g h t  l i n e  
i s  produced. F igu re  5 shows a t y p i c a l  r e s u l t  f o r  an 
e t h y l e n e  propylene telomer. 

' p e n e t r a t i o n  tempera ture  w e  have added a t a n g e n t  a r m ,  G ,  

rnLn -".Lnn,C,C * c211. A A * L  L I I L W d L U L  1s ac?j'clstzd 62, as ts give aii o u t p i i t  

B e l o w  Tp, n e e d l e  A res t s  on t h e  t o p  of t h e  sample 



, 

. .  ........ :.s: ..... 

PENETRATION 
........................... 

. . t . I . 
. 
. 

. . . . 
9 . 

. .  
5 : * .  .. 

. @  

. . . . . 
I I I I I I I I I I 

40 36 32 28 24 20 16 12 8 4 
-TIME, MIN. 

I 

FIGURE 5. RECORDER OUTPUT FOR 
Tp DETERMINATION 

-116 

-100 
T, O C  

-90 I 
-8 0 

-7 0 

-60 

-5 0 



28a. 

L 

Functional Absorption @ Maximym Absorption 
Group Structure u cm- Coefficient 

Vinyl -CH=CH 2 10.98 909 50.3 
Vinylidene C=CH2 11.24 889 43.1 

10.36 965 35.6 Trans-internal H/ C=C 

\ 

\ /H 

V I 1  I APPENDIX 

Infrared Analysis for Double Bonds 

I 

I 

I 4  

I 

Our method for determining the type of unsaturation present 
is based upon the C-H out of plane wagging vibrations in the infrared . Chem 3, 998) give a table summarizing the absorption coefficients 
for various functional groups, including several types of double bonds. 
The pertinent values are summarized below: 

h-;l,. . , , ,  -.-2 l--..c.-:-zl s p e ~ t r u ~  in t h ~  1.7icinity of 388 C X - ~ .  f i i A u . = A a u i i  aliu o c y L A A c u  ( ~ i i ~ l .  

From the infrared absorption at the peak maximum, and the 
absorption coefficients given above, the weight fraction (W.F.) of 
a given functional group can be calculated from: 

W.F. = A/(10 x b x c x p x K) 
where A = absorption at peak maximum 

b = cell thickness in mm 
c = volume fraction of sample (1 for neat samples) 
p = density of sample 
K = absorption coefficient from table above. 

However, the cell thickness is difficult to determine accurately in 
the demountable gasket-spaced-cells which we have found to be most 
useful for liquid polymers, and the density of a given sample is 
seldom known with enough accuracy. Accordingly, for the present 
work, we have only determined the relative values of the weight 
fractions of the different double bond types in a given sample as 
measured from a single scan of a nominally 1 mil (.0254 mm.) 
thick preparation of the neat liquid polymer. Each relative value 
is proportional to the ratio A/K for the functional group in 
question, since in a single scam, b, c, and p remain constant. 
Therefore, if 

R i  = A viny1/50.3 
R2 = A vinylidene/43.1 
R2 = A trans/35.6 

. RT = R1 + R1. + R3 
Then the percent of total double bonds which are vinyl is 100Ri/RT, 
the percent vinylidene i s  100R2/RT and the percent trans-internal 
is 100R3/RT. 


